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(57) ABSTRACT 
A method and system for use in controlling an electric net 
work are provided. The system includes an Integrated Volt 
VAr Control (IVVC) component configured to determine 
optimization parameters for slow dynamics electromechani 
cal devices and fast dynamics DER devices coupled to the 
network. The slow dynamics devices are controlled by a 
present state of the electric network and a voltage rise table 
that is adaptively updated in real-time using a command out 
put, or a power flow-based complete optimization routine that 
generates optimal setpoints for the traditional controllable 
assets and for at least some of the fast dynamics DER devices. 
The fast dynamics devices are controlled locally using a con 
trol algorithm that uses a reactive power contribution based 
on IVVC settings, based on photo-voltaic (PV) plant active 
power variations, based on power factor, or based on a Voltage 
of the local electric network. 
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METHODS AND SYSTEMIS FOR 
CONTROLLING ANELECTRCNETWORK 

BACKGROUND OF THE DISCLOSURE 

0001. The embodiments described herein relate generally 
to electric power generation and delivery systems and, more 
particularly, to systems and methods for using distributed 
energy resources (DER) in an electric network that includes 
variable generating systems. 
0002 Power generated by an electric generating entity is 
typically delivered to a customer via an electric network or 
grid that consists of transmission and distribution circuits. 
The electric power generation and transmission system is 
closely monitored and controlled by an electric grid control 
system that includes a large number of individual Subsystems, 
which may also include multiple components. Typically, 
information is transmitted from many of the Subsystems/ 
components to the control system for use in controlling 
operation of the electric grid. For example, Some electric 
generation entities utilize an Energy Management System or 
Control Center. 
0003 Known Energy Management Systems include a plu 

rality of components and Subsystems that communicate with, 
and may be controlled by, a central management system, 
typically located at the electric generating entity. The com 
ponents and Subsystems may be distributed at various points 
in the electric network to facilitate power transmission. Due at 
least in part to the large scale of an Energy Management 
System, and the quantity of individual component/sub 
systems that may be included, information at the management 
system, for use in centralized management of the generation 
and transmission, is generally expansive and complex. 
0004 Traditionally, for distribution systems, voltage and 
reactive power (Volt-VAr) control have been performed to 
overcome both over-Voltage and under-Voltage violations 
through controllable reactive power sources present in the 
system. By controlling the production, absorption, and flow 
of reactive power present in the system, Volt-VAr control can 
maintain the Voltage profile within acceptable limits and 
reduce the distribution system losses. Traditional Volt-VAr 
control is achieved by reconfiguring controllable devices 
Such as Voltage regulators and Load Tap Changers of trans 
formers (LTC) for Voltage control, and shunt reactors and 
shunt capacitors for VAr control. 
0005. However, feeder voltage and reactive powerflow are 
closely related and dependent variables for which control 
actions to change one of the variables can result in opposing 
control actions to change the other variable. For example, 
raising the Voltage using the Substation transformer LTC can 
produce a Voltage rise that could cause capacitor bank con 
trols to remove a capacitor bank from service, thus lowering 
the Voltage. Similarly, placing a capacitor bank in service 
could cause the LTC to lower the voltage at the substation. 
0006 While such conflicting control actions generally do 
not produce unacceptable electrical conditions on the feeder, 
they do produce conditions that are less efficient. The coor 
dinated control of Voltage and reactive power is needed to 
determine and execute volt-VAR control actions that are truly 
optimal. 
0007 Furthermore, known distribution management sys 
tems (DMS) based VVC solutions are not very scalable and 
have high implementation and operation costs that hinder 
electric generating entity adoption. Conventional local Volt 
var control techniques are not capable of Voltage flattening, 
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CVR, reactive power reduction and unity power factor that 
increases the efficiency of the system. 
0008 Generally, a majority of customers (i.e., loads) are 
located at the distribution circuits. Power utilities desire to 
monitor and control the components that are distributed along 
the distribution circuits. For this purpose, some power utili 
ties utilize what is referred to as a “smart grid.” At least some 
known Smart grids include a plurality of components and 
Subsystems that communicate with, and may be controlled 
by, a central management system, typically located at the 
electric generating entity. The components and Subsystems 
may be distributed at various points in the electric generating 
entity distribution network to facilitate power distribution to 
customers. Due at least in part to the large scale of a Smart 
grid, and the quantity of individual component/Subsystems 
that may be included in the Smart grid, information at the 
management system, for use in centralized management of 
the Smart grid, is generally expansive and complex. 
0009 Electric power losses across distribution feeders in 
an electric network, is a concern for distribution systems 
engineers. Between about three percent and about eight per 
cent of power transmitted on distribution feeders is lost. The 
electric power losses include ohmic losses, losses from reac 
tive power flow, and losses due to harmonic currents resulting 
from nonlinear loads of the system. Presently, various volt 
age/Var control schemes are sometimes used to reduce trans 
mission losses. In at least one known Scheme, Var compen 
sation is implemented by the use of the capacitor banks that 
are placed on critical buses of an electric network system to 
Supply reactive power to Support and attempt to optimize the 
Voltage profile of the system. Real time control actions can be 
implemented, to Some extent, through Switched capacitor 
banks. However, Such capacitor banks, including Switched 
capacitor banks, are placed only at discrete points of the 
electric network and inject discrete levels of reactive power. 
Moreover, the control of switched capacitor banks is com 
monly based on information local to the particular switched 
capacitor bank. 
0010 With the addition of fast dynamics distributed 
energy resources (DER) additional control is needed to 
account for estimated control inputs from the DERs. For 
example, many slow dynamics electromechanical devices are 
capable of controlling Voltage on the grid over relatively long 
periods of time. Such legacy type devices are able to account 
for daily load variations that are generally well characterized, 
Such as load variations due to heavy electrical load increases 
as factories come on line in the morning and load decreases 
due to factories and other large loads securing in the evening. 
However, the power, reactive power, and Voltage Support 
capabilities of DERs can vary over very short intervals of 
time. A photovoltaic installation may be affected by clouds 
passing over the collecting field or a wind farm may be 
affected by variable winds. 

BRIEF DESCRIPTION OF THE DISCLOSURE 

0011. In one embodiment, a system for use in controlling 
an electric network includes a plurality of slow dynamics 
electromechanical devices and a plurality of fast dynamics 
DER devices coupled to the electric network. The system 
includes an Integrated Volt-VAr Control (IVVC) component 
configured to determine one or more optimization parameters 
for the plurality of slow dynamics electromechanical devices 
and the plurality of fast dynamics DER devices. The slow 
dynamics devices are controlled by a present state of the 
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electric network and at least one of a voltage rise table that is 
adaptively updated in real-time using a command output and 
a power flow-based complete optimization routine for gener 
ating optimal setpoints for the traditional controllable assets 
and for at least some of the fast dynamics DER devices. The 
fast dynamics devices are controlled locally between the 
remote control update using at least one of 1). a control 
algorithm using a Distributed Energy Resource (DER) reac 
tive power contribution based on IVVC settings, 2). a control 
algorithm using a DER reactive power contribution based on 
the variable generation plant active power variations, 3). a 
control algorithm using a DER reactive power contribution 
based on power factor, and 4). a control algorithm using a 
DER reactive power contribution based on a voltage of the 
local electric network. 

0012. In another embodiment, a method of controlling an 
electric network includes a). modeling the electric network to 
determine an expected Voltage response to a first electric 
network State, the State relating to a first configuration of 
components of the electric network, b). determining a second 
state of the electric network, the second state occurring a 
predetermined time after the first state, c). receiving historical 
state data of the electric network, the historical state occurring 
prior to the occurrence of the first state, d). determining a 
second configuration of the components of the electric net 
work based on the model, second network State, and historical 
network State data, e). transmitting commands to the compo 
nents to achieve the second configuration, and f). re-perform 
steps a)-e) after a predetermined time period. 
0013 Inyet another embodiment, an electric network con 

trol system includes a network model component comprising 
a model of electrical components electrically coupled to form 
an electrical transmission and distribution network, a mea 
Surement component configured to receive, from a plurality 
of sensors, data relating to measured parameters of the net 
work and configured to determine a present state of the elec 
tric network, a historian component configured to receive the 
sensor data and store at least some of the sensor data, an 
estimator component configured to determine an estimate of 
a system load on the electric network and an estimate of 
generation of renewable sources coupled to the electric net 
work using the at least Some of the sensor data, an integrated 
Volt-VAr control (IVVC) component configured to determine 
one or more optimization parameters for slow dynamics 
devices and fast dynamics devices coupled to the electric 
network, wherein the slow dynamics devices are configured 
to be operable at a single value of the one or more optimiza 
tion parameters for a relatively longtime period compared to 
a relatively short time period that the fast dynamics devices 
are operable at a single value of the one or more optimization 
parameters, and a dispatch command component configured 
to receive the optimization parameters, determine at least one 
of an optimal commitment for capacitor bank devices, dis 
tributed energy resource (DER) reactive power baseline val 
ues, and tap settings for Voltage regulator and load tap chang 
ers (LTC), and issue a dispatch message to the devices 
connected to the electric network. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014 FIGS. 1-10 show example embodiments of the 
method and system described herein. 
0015 FIG. 1 is a block diagram of an exemplary electric 
power generation and delivery system. 
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0016 FIG. 2 is an example block diagram of the manage 
ment system shown in FIG. 1. 
(0017 FIG. 3 is a flow diagram of a process of local DER 
control incorporated into the IVVC optimization control. 
0018 FIG. 4 is a schematic one-line diagram of a bus 
system that simply illustrates the more complicated system 
shown in FIG. 1. 
(0019 FIG. 5 is a graph of a PV profile used as a daily 
forecast of PV generation that includes faster variations of PV 
over a five hour period from, for example, Hour 11 to Hour 16. 
0020 FIG. 6A is a graph of an average voltage profile of 
the system without DER PV for voltage regulation. 
0021 FIG. 6B is a graph of an average voltage profile of 
the system with DER PV for voltage regulation. 
0022 FIG. 7A is a graph of the reactive power output of 
the inverter associated with the 2000 kVA PV plant while the 
inverter is participating in flattening the Voltage across the 
feeder network through IVVC. 
0023 FIG.7B is a graph of the reactive power output of the 
inverter associated with the 1500 kVA PV plant while the 
inverter is participating in flattening the Voltage across the 
feeder network through IVVC. 
0024 FIG. 8A is a graph of an average voltage profile for 
a single stage IVVC optimization. 
0025 FIG. 8B is a graph of an average voltage profile for 
a dual stage IVVC optimization. 
0026 FIG.9A is a graph of inverter reactive power outputs 
for a dual stage IVVC optimization. 
0027 FIG.9B is a graph of inverter reactive power outputs 
for a single stage IVVC optimization. 
0028 FIG. 10 is a graph of a comparison average voltage 
within the distribution network for each of the four methods 
for local DER control. 
0029. Although specific features of various embodiments 
may be shown in Some drawings and not in others, this is for 
convenience only. Any feature of any drawing may be refer 
enced and/or claimed in combination with any feature of any 
other drawing. 
0030 Unless otherwise indicated, the drawings provided 
herein are meant to illustrate features of embodiments of the 
disclosure. These features are believed to be applicable in a 
wide variety of systems comprising one or more embodi 
ments of the disclosure. As such, the drawings are not meant 
to include all conventional features known by those of ordi 
nary skill in the art to be required for the practice of the 
embodiments disclosed herein. 

DETAILED DESCRIPTION OF THE 
DISCLOSURE 

0031. The following detailed description illustrates 
embodiments of managing an electric distribution network 
that includes a plurality of generation sources, electric loads, 
and fast and slow dynamics reactive components spaced over 
a wide geographic area. 
0032. The following disclosure describes adaptive logic 
that provides autonomous real-time update of Voltage rise 
tables in coordinated volt-war control (CVVC). The method 
improves current CVVC methodology using relatively slow 
acting legacy electromechanical devices with the inclusion of 
dynamic, fast-acting distributed energy resources (DER).The 
adaptive logic enables coordinated Volt-Var control to handle 
daily load variation, optimal feeder reconfiguration, and 
dynamic changes in the grid caused by topology change (due 
to fault, FDIR operation) and distributed generation. 
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0033 Adaptive CVVC as described herein includes a 
closed loop that starts with an off-line Voltage rise look-up 
table that is based on current system data (e.g. capacitor bank 
grid location and value) and off-line simulation of today's 
gridconfiguration and loading. Following control actions that 
change the grid configuration or load, SCADA measurements 
are fed-back to provide updated system information to the 
adaptive logic. In addition, the adaptive logic function 
receives the most updated volt-war control actions. Given 
these two inputs, it in turn updates in real-time the Voltage rise 
table for the feeder. The inclusion of new capacitor banks or 
other VAR controllable assets at a later date with grid growth 
can be handled by sparsely filling the voltage rise table matrix 
and interpolating to find the Voltage values for the gaps where 
future controllable var assets will be located. Similarly, the 
addition of controllable reactive generation from inverters 
can be represented within the voltage rise table by enabling 
the new reactive assets to fill in the spaces of the sparsely 
populated matrix where previously values had been interpo 
lated. 
0034. The following description refers to the accompany 
ing drawings, in which, in the absence of a contrary represen 
tation, the same numbers in different drawings represent 
similar elements. 
0035. The following detailed description illustrates 
example embodiments of the disclosure by way of example 
and not by way of limitation. It is contemplated that the 
disclosure has general application to analytical and methodi 
cal embodiments of managing operation and maintenance of 
widely geographically diverse power assets in industrial, 
commercial, and residential applications. 
0036 FIG. 1 is a block diagram of an exemplary electric 
power generation and delivery system 10. In the exemplary 
embodiment, electric power generation and delivery system 
10 includes an electric generating entity 12, electric grid 14. 
and a plurality of customer or energy user locations 16. More 
over, electricity is delivered from electric generating entity 12 
to customer or energy user locations 16 via electric grid 14. 
More specifically, electric grid 14 includes a plurality of 
transmission lines 18, a plurality of electric substations 20, 
and a plurality of distribution lines 22 that enable distribution 
of electricity. Although transmission lines 18 and distribution 
lines 22 are illustrated as single lines, each transmission line 
18 and distribution line 22 may include one or more lines, 
each carrying a single phase, two phases, or three phases of 
power. 

0037 Moreover, in the example embodiment, electric 
generating entity 12 includes an electric power generation 
system 24 that Supplies electrical power to electric grid 14. 
Electric power generation system 24 may include a generator 
driven by, for example, a gas turbine engine, a hydroelectric 
turbine, a wind turbine, one or more Solar panels, and/or 
another Suitable generation system. In the example embodi 
ment, system 10 includes multiple distributed energy 
resources 26. Distributed energy resources 26 may include a 
generator driven by, for example, a gas turbine engine, a 
hydroelectric turbine, a wind turbine, one or more Solar pan 
els, one or more batteries or banks of batteries, and/or another 
Suitable power generation system. Distributed energy 
resources 26 may belong to (e.g. be owned by or be part of) 
electric generating entity 12, may belong to a different elec 
tric generating entity, or may belong to a customer of the 
electric generating entity. Although four distributed energy 
resources 26 are shown in the example embodiment, electric 
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power generation and delivery system 10 may include any 
number of distributed energy resources 26 distributed 
throughout grid 14. 
0038 Electric generating entity 12 also includes a distri 
bution control center substation 28 that facilitates control of 
energy production and/or delivery. Distribution control center 
substation 28 is illustrated as being included within electric 
generating entity 12, however, distribution control center Sub 
station 28 may be external to electric generating entity 12 
(e.g., remotely located, etc.) and in communication with elec 
tric generating entity 12, or it may be located in one of the 
electric generating entity substations 20. Moreover, distribu 
tion control center Substation 28 may be in communication 
with distributed energy resources 26, whether located internal 
or external to distributed energy resources 26. 
0039 Distribution control center substation 28 includes a 
management system 30 that provides operator control for 
managing power delivered from electric power generation 
system 24 and/or distributed into electric grid 14. Manage 
ment system 30 may control distribution to electrical substa 
tions 20, to customer or energy user locations 16, and/or other 
Suitable points within electric grid 14. Management system 
30 may be usable to detect operating conditions in the electric 
grid 14, alter a configuration of grid 14, and/or other opera 
tions associated with electric grid 14 and/or electric power 
generation system 24. Specifically, in the example embodi 
ment, management system 30 is coupled to a plurality of 
switchable assets 32 distributed throughout system 10. 
0040. In one example, management system 30 may be 
employed to rapidly respond to outage/fault conditions to 
reconfigure to electric grid 14, via one or more Switchable 
assets 32 (sometimes referred to herein as switches 32), in an 
effort to limit potential safety issues, to control power distri 
bution, and/or to limit damage to/from electric grid 14. In 
another example, to enable the installation of equipment or 
the replacement of existing equipment, a Switch plan may be 
provided to safely de-energize a section of conductor prior to 
performing the work. Management system 30 may determine 
a Switch plan and create a planned outage order associated 
with the switch plan. Management system 30 may also be 
configured to simulate the Switch plan in order to ensure 
accuracy, safety, and effectiveness of the Switch plan. The 
availability of work crews and tools necessary to perform a 
desired maintenance/repair may also be coordinated by man 
agement system30. Specifically, management system 30 may 
be useable by a dispatcher or a network operator to dispatch 
work crews and tools to appropriate locations, and/or to coor 
dinate Switch plans to minimize impact on operation of elec 
tric grid 14. 
0041. In at least one embodiment, management system 30 
may include a Supervisory control and data acquisition 
(SCADA) component, such as the SCADA Energy Manage 
ment System commercially available from General Electric 
Company. Specifically, management system 30 may include 
a user interface that enables a user, Such as Such as dispatcher, 
a network operator, electric generating entity engineer, a sys 
tems engineer, a transmission engineer, etc., to manage elec 
tric grid 14. 
0042. In the example embodiment, system 10 includes an 
advanced metering infrastructure (AMI) subsystem that 
includes AMI meters 34. AMI meters 34 measure and/or 
detect an amount of electricity received and/or provided to 
one or more loads (such as energy user locations 16, etc.) 
coupled to AMI meters 34. Meters 34 transmit data, such as 
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electricity measurement data, to, and/or receive data from, 
other devices or systems (including management system 30) 
within system 10 and/or the AMI subsystem. System 10 may 
include any suitable number of AMI meters 34. In the 
example embodiment, AMI meters 34 communicate with 
other devices and systems via wireless communication over a 
communication network, Such as, e.g., the Internet, a cellular 
network, etc. In other embodiments, AMI meters 34 may 
communicate with other devices and systems via wired and/ 
or wireless communication. Moreover, AMI meters 34 may 
communicate directly or indirectly with other devices and 
systems. 
0043. Sensors 36 are distributed throughout electric grid 
14. Sensors 36 may be included within AMI meters 34 and/or 
may be separate, stand-alone sensors 36. Each sensor 36 
monitors one or more parameters of power transmitted 
through grid 14 at that sensors location. The parameters can 
include, but are not limited to, a Voltage magnitude, a current 
magnitude, phase of a Voltage, phase of a current, etc. In the 
example embodiment, sensors 36 are communicatively 
coupled to management system 30. Accordingly, manage 
ment system 30 may receive current state data from through 
out grid 14 from sensors 36 distributed throughout grid 14. 
Sensors 36 may be coupled to management system 30 
directly or indirectly. Moreover, sensors 36 may be coupled to 
management system by a wired connection and/or a wireless 
connection. 
0044 FIG. 2 is an example block diagram of management 
system 30. In the example embodiment, management system 
30 includes a computing assembly 100. Computing assembly 
100 may include a personal computer, a workstation, a server, 
a network computer, a mobile computer, a portable digital 
assistant (PDA), a smartphone, or other suitable device. As 
illustrated, computing assembly 100 includes a display 
device 108, a memory device 102 and a processor 104 in 
communication with display device 108 and memory device 
102. Display device 108 may include, without limitation, a 
cathode ray tube (CRT) display, a liquid crystal display 
(LCD), an organic light emitting diode (OLED) display, or 
other Suitable device for use in presenting information to a 
user (not shown). 
0045 Memory device 102 is any suitable device that may 
be used for storing and/or retrieving information, such as 
executable instructions and/or data. Memory device 102 may 
include any computer readable medium, Such as hard disk 
storage, optical drive/disk storage, removable disk storage, 
flash memory, random access memory (RAM), etc. While 
memory device 102 is illustrated as a single element in FIG. 
2, it should be appreciated that memory device 102 may 
include one or multiple separate memory devices, located 
together or remote from one another. 
0046 Processor 104 may include one or more processing 
units (e.g., in a multi-core configuration). The term processor, 
as used herein, refers to central processing units, micropro 
cessors, microcontrollers, reduced instruction set circuits 
(RISC), application specific integrated circuits (ASIC), logic 
circuits, and any other circuit or processor capable of execut 
ing instructions. Processor 104 may be programmed to per 
form alone or in combination any of the processes, methods 
or functions described herein. 
0047 Computing assembly 100 includes an input device 
106 for receiving input from user. Input device 106 may 
include, without limitation, a keyboard, a pointing device, a 
mouse, a stylus, a touch sensitive panel (e.g., a touchpad or a 
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touch screen), a gyroscope, an accelerometer, a position 
detector, and/or an audio input device. A single component, 
Such as a touch screen, may function as both display device 
108 and input device 106. Further, the particular example 
embodiment of FIG. 2, computing assembly 100 includes a 
network interface 110. Network interface 110 may provide 
communication between computing assembly 100 and elec 
tric grid 14 and/or one or more public networks 112, such as 
Internet, Intranet, a local area network (LAN), a cellular 
network, a wide area network (WAN), etc. 
0048. As described above, grid 14 may be configured and/ 
or reconfigured using management system30, for example by 
use of switchable assets 32. Moreover, distributed energy 
resources 26 may be controlled and/or switched in and/or out 
of grid 14 using management system 30. By controlling dis 
tributed energy resources 26, management system 30 may 
actively reduce distribution losses in grid 14. 
0049 FIG. 3 is a flow diagram of a process of local DER 
control incorporated into the IVVC optimization control. In 
electric power generation and delivery system 10, fluctua 
tions in loads and Voltage levels are relatively small and 
significant changes in average load occur relatively slowly 
and in a predictable fashion throughout the day and year. 
However, at high levels of DER penetration, such as PV. 
system 10 experiences relatively rapid variations. For 
example, in the case of PV, cloud transients can cause ramps 
in PV generation on the order of 15% per second at a particu 
lar location. 
0050. In such a scenario existing slow acting control 
devices such as LTCs, step Voltage regulators and shunt 
capacitors that are limited in their frequency of operations 
cannot ensure proper Voltage regulation across the distribu 
tion system. Even if used to respond on shorter timescales, 
however, the increased number of operations that would be 
required to counteract the variability due to weather condi 
tions would drastically reduce the lifetime of the switches and 
tap changers. 
0051 Embodiments of the present disclosure formulate 
IVVC optimization as a dynamic program that results in 
optimized settings of shunt capacitors or capacitor banks 
(CB), LTCs and the VAR control at the DER generators and 
inverters as shown in FIG. 3. These settings are obtained for 
each hour that remains constant through the hour for slow 
time scale of load variations. For fast time scales (intra-hour 
variations), the local control of DER based on the IVVC 
optimization settings take over. The solution approach is 
based on Dynamic Programming (DP) algorithm that solves 
different sub-problems and combines the solutions of the 
sub-problems to reach an overall solution. 
0052. In various embodiments, four different methods for 
local DER control is incorporated with the IVVC optimiza 
tion formulation as described herein. 
0053. In one embodiment, a computer-implemented 
method 300 for determining dispatch commands for system 
10 includes initializing 302 computing assembly 100 using 
information from a plurality of sensors, data relating to mea 
Sured parameters of the network and a determined present 
state of the electric network. Method 300 also includes 
executing 304 a power flow of a distribution network (shown 
in FIG. 4) using the initialized values, determining 306 cur 
rent state measurement values, acquiring 308 forecast data for 
system load and the renewable or variable generation. The 
capacitor banks commitment, DER Q baselines and tap set 
tings are determined for the Voltage regulators and load tap 
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changers using optimization parameters from an IVVC 
engine running on, for example, computing assembly 100 and 
a model predictive control algorithm. The IVVC engine 
works with the slow dynamics components and the fast 
dynamics components to generate 310 setpoints for relatively 
long time periods for the slow dynamics components and 
setpoints for relatively shorter time periods for the fast 
dynamics components. Dispatch commands are issued 312. 
0054 The load forecast for a given time period, for 
example, 24 hours or longer based on historical data is 
obtained using an estimation. Because the optimal capacitor 
bank commitment and tap settings are based on the load 
forecast, the more accurate the forecast, better the perfor 
mance of the Volt/VAr optimization algorithms. Even though 
the calculation is based on every t minutes, in some cases, it 
may be more than adequate to run the load forecast algorithm 
every 3-4 hours. Similarly, for the capacitor bank commit 
ment and VR/LTC tap setting algorithms, it may be more 
practical to run the algorithms every 15-30 minutes. 
0055 FIG. 4 is a schematic one-line diagram of a distri 
bution network 400 that simply illustrates the more compli 
cated system 10 (shown in FIG. 1). In the example embodi 
ment, distribution network 400 illustrates a distribution 
feeder 402 with the following characteristics: 

0056 relatively short and highly loaded for a 4.16 kV 
feeder, 

0057 a substation voltage regulator 404 including three 
single-phase units connected in wye, 

0.058 a load tap changing transformer or autotrans 
former 406, 

0059 unbalanced spot and distributed loads 408, 410, 
412, 414, 416, 

0060 a 600 kVAr three-phase capacitor bank 418 at bus 
420, 

0061 a 100 kVAr single-phase capacitor bank 422 at 
bus 424 on phase C, 

0062) a PV plant (DER) 426 with rated inverter of 1500 
kVA at bus 428, and 

0063 a PV plant (DER) 430 with rated inverter of 2000 
kVA at bus 432. 

0064 Plants (DER) 426 and 430, in this case PV plants, 
could be any type of plant or energy resource. Such as, wind 
turbines, are assumed to have excess power capacity to allow 
for reactive power generation and consumption while oper 
ating near maximum real power. Determining the appropriate 
size of this additional capacity is an important outstanding 
question and depends on control schemes that coordinate the 
inverters’ response to changes in Voltage and power flow. 
Four local DER control methods for voltage regulation (volt 
age flattening) utilizing centralized optimal and distributed 
suboptimal control of PV inverter reactive power generation 
are described herein. 
0065 FIG.5 is agraph of a DER profile 500 used as a daily 
forecast of DER generation that includes faster variations of 
DER over a five hour period from, for example, Hour 11 to 
Hour 16. DER profile 500 is considered for the analysis of 
advanced IVVC with DER integration. DER profile 500 is 
normalized and applied as a negative load at bus 428 of 1500 
kVA PV Plant 426 and at bus 432 of 2000kVA PV plant 430. 
The preliminary scenarios with DER are discussed below. 
Although described as a DER profile, profile 500 could be 
specifically related to any variable generation resources, 
including but not limited to, wind, Solar, water, tidal, and/or 
pumped resources. 
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0.066 FIG. 6A is a graph 600 of an average voltage profile 
of distribution network 400 without DER PV for voltage 
regulation. FIG. 6B is a graph 602 of an average voltage 
profile of distribution network 400 with DER PV for voltage 
regulation. 

1. No DER Participating in IVVC 
0067. Although DER plants provide real power inputs into 
the distribution feeder at the respective point of connections 
(POCs) to the feeder; they are operating at unity power factor. 
This means that their reactive power injections are Zero and 
hence do not contribute to Voltage regulation across the 
feeder. Therefore, the DER inverters are not considered as 
control devices during the IVVC optimization formulation. 

2. DER Participating in IVVC 

0068. The DER with variable reactive power output are 
considered as additional control devices within the optimiza 
tion problem. FIG. 6B shows that voltage profile across the 
network is flatter than in FIG. 6A. Rate of change voltage 
variations also show considerable improvement. 
0069 FIG. 7A is a graph 700 of the reactive power output 
of the inverter associated with 2000 kVA PV plant 430 while 
the inverter is participating inflattening the Voltage across the 
feeder network through IVVC. FIG. 7B is a graph 702 of the 
reactive power output of the inverter associated with 1500 
kVA PV Plant 426 while the inverter is participating in flat 
tening the Voltage across the feeder network through IVVC. 
0070 FIG. 8A is a graph 800 of an average voltage profile 
for a single stage IVVC optimization. FIG.8B is a graph 802 
of an average Voltage profile for a dual stage IVVC optimi 
zation. As shown in FIGS. 8A and 8B, the dual stage optimi 
zation, FIG. 8B, has higher voltage variations when com 
pared to that using single-stage IVVC. 8A. 
(0071 FIG. 9A is a graph 900 of inverter reactive power 
outputs for a dual stage IVVC optimization. FIG. 9B is a 
graph902 of inverter reactive power outputs for a single stage 
IVVC optimization. Also, as shown in FIG. 9A, dual stage 
optimization results in higher reactive power outputs of 
inverters resulting in higher Voltages across the feeder test 
system network. FIG.9B shows that a single stage optimiza 
tion including DER control results in a better voltage profile 
than when done separately. 
0072. In this section, four different local voltage control 
methods for DER are described. These methods are used for 
local control of the variable generation plant inverters due to 
fast variations in the DER real power output. The DER 
described herein are typically PV plants, however, the same 
principles apply to wind farms, hydro, and other variable 
generation sources. The fast variations are the intra-hour 
variations in the variable generation system and therefore 
require local control at the inverter response. 
0073. The four local voltage control methods described 
herein consider that the IVVC settings provided by the opti 
mization for each it, hour will be used as baseline settings to 
obtain the reactive power response of the inverter for the 
intra-hour variations. The DER provide reactive power based 
on the following local control methods: 

0074 Method 1: IVVC settings. 
0075 Method 2: Based on PV active power variations. 
0.076 Method 3: Constant power factor. 
0.077 Method 4: Constant voltage. 
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DER Local Control Method 1 

0078. The DER reactive power contribution for this 
method is based on the baseline IVVC settings that are 
obtained from the single-stage optimization of the problem 
formulation. This is described in the following three step 
process: 

0079 Step 1: IVVC optimization provides DER settings 
for reactive power output for eachi" hour as described by the 
following equation: 

1 ... in (1) PVpos, = + } 

where 

n is number of steps of the inverter response. 
0080 Step 2: The baseline reactive power output, at the 
start of the ith hour is calculated as: 

Q = PVpos, X (Available reative power) (2) 

2 (3) 
= PVpos. X (KVA - P2) 

I0081 Step 3: For intra-hour variable DER variations 
within the next hour, reactive power contribution of DER is 
obtained as the following equation: 

(4) 
Qc = PVpos, Xi (KVA - P2), 

where 

py 

is the current active power of the PV plant. 

DER Local Control Method 2 

I0082. The DER reactive power contribution for Method 2 
is based on PV plant active power variations. This also uses 
the baseline IVVC settings as in Method 1 obtained through 
the single-stage optimization of the problem formulation. 
0083 Table 1 provides the control philosophy on which 
the method is based upon. The reactive power contribution of 
DER is based on the fact that ifactive power input at each hour 
is considered as baseline, any further increase or decrease in 
power injection at the POC will result in increase or decrease 
of the POC bus voltage. Therefore, to bring back the voltage 
profile at the bus, reactive power has to be decreased or 
increased. 
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TABLE 1 

POC voltage variations due to real power injections 

Case APpv Vpv Qpv (inductive) QpV(capacitive) 

1. Positive 
2. Negative 

I0084 Step 1. Optimization provides DER settings for 
reactive power output for eachi" hour: 

1 . . . in (5) PVpos, = + } 

where 
n is number of steps of the inverter response. 
I0085) Step 2: The baseline reactive power output, Q, and 
active power output at the start of the it, hour are chosen as 
reference values for the whole hour. 

9 of PVpos X (KVA2 - PV;2) (6) 

I0086 Step 3. For intra-hour DER variations within the 
next hour, reactive power contribution of DER is obtained as 
the following equation: 

Qpyc = Qix (1 - (Ppyc - Peif PPV)), where, (7) 

I0087 PV is the current active power of the DER and is the 
variable generation plant maximum power output. 

DER Local Control Method 3 

I0088. The DER reactive power contribution for this 
method is based on constant power factor for each hour. This 
also uses the baseline IVVC settings obtained through the 
single-stage optimization of the problem formulation to 
obtain the power factor for each hour. 
I0089 Method 3 is described in the following three step 
process: 
(0090 Step 1: IVVC optimization provides DER settings 
for reactive power output for each ith hour as described by the 
following equation 

1 . . . in (8) PVpos, +( } where 
it. 

0091 n is number of steps of the inverter response. 
0092 Step 2. Based on baseline reactive power output, 
Qrefiand active power output, Pi, at the start of the ith hour, 
DER power factor, pf is calculated: 

Q = PVposix W (KVA - Ppy i2) (9) 

pf = cos(tan (Q. / Pey )) (10) 
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0093 Step 3. For intra-hour variations in DER output, 
particularly for PV and wind generation, within the next hour, 
reactive power contribution is thus determined through the 
power factor obtained as: 

Ohd PVe=Picx 1-pfen, where 

where, Pea is the current active power of the PV plant. 

DER Local Control Method 4 

0094. DER Reactive power contribution based on voltage 
set points provided by IVVC. 
0095 Step 1. IVVC Optimization is run to determine the 
voltages for eachi" hour at POI where PV plant is connected. 

(0096) V, fork" busis obtainedati" hour from IVVC, 
I0097 V, represents the voltage set-point where the 
hourly slow grid variations are compensated by capacitor 
banks, Voltage regulators and tap changers. 
(0098 Step 2. V, is then used as the reference voltage 
regulation set point for PV inverters to act upon for high 
frequency fluctuations injected by DER. 
0099. This represents a set point voltage control that is set 
every hour and is not bucking the traditional Voltage regula 
tion devices. 
0100 FIG. 10 is a graph 1000 of a comparison average 
voltage within the distribution network 400 for each of the 
four methods for local DER control. Graph 1000 includes an 
x-axis 1002 graduated in units of time and a y-axis 1004 
graduated in units of Volts per unit (pu). A trace 1006 illus 
trates the average voltage using Method 1. A trace 1008 
illustrates the average Voltage using Method 2. A trace 1010 
illustrates the average Voltage using Method 3. A trace 1012 
illustrates the average Voltage using Method 4. 
0101 The four DER local control methods for intra-hour 
fast variations result in similar LTC and capacitor bank posi 
tions obtained from the IVVC optimization. FIGS. 8 and 9 
show the comparison of the three methods for local DER 
control. Method 2, which is based on variations in active 
power (shown in red), results in a Smoother Voltage profile 
when compared to the other two methods. This is also 
observed in reactive power responses of the DER.This means 
that the inverters react in the right order such that the DER 
self-compensates for the Voltage variations caused by itself 
rather than depending on predefined compensating schemes 
Such as constant power factor that do not consider present 
system conditions. 
0102 Increasing penetration of distributed energy 
resources (DER) introduces rapid, large, and random fluctua 
tions in distribution system Supply. These fluctuations are 
introduced, for example, in a PV system, by clouds moving 
across the sky during portions of the day when the PV system 
is generating power. In the case of wind resources, normal 
variation in the wind and gusting tend to produce variable 
generation. As renewable penetration increases, faster con 
trollers such as inverters and synchronous generator excita 
tion controls will be needed to provide voltage regulation by 
controlling reactive power flow in the circuit. DER, through 
its inverter or generator, acts as controllable reactive power 
Source for Such purposes. The advantage of an inverter gen 
erator relative to conventional step-wise circuit controllers, 
Such as, but, not limited to load tap-changers, capacitor banks, 
and combinations thereof, is that they are relatively faster, can 
vary the Supplied reactive power continuously, and have low 
operation costs. Currently, inverters are typically operated at 
unity power factor and do not participate in VAR control. 
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Controlling reactive power using inverters requires a system 
to determine, in real-time, how much reactive power to dis 
patch from each inverter or generator, when to dispatch it, and 
where and how the control signals should be generated. 
Described herein above are methods on integration of DERs 
to provide additional reactive power to enhance Integrated 
Volt-VAr Control (IVVC) without jeopardizing the overall 
IVVC objectives and while meeting targets on real power 
outputs. Also described herein is a Software algorithmic 
approach using determined run times, number of Voltage 
violations, unity power factor at the Substation, and number of 
device operations too improve performance. Two approaches 
for solving the Volt-VAr Control (VVC) optimization prob 
lem: 1) Dynamic programming (DP) and 2) Branch-and 
Bound (BB) based on a Knapsack problem formulation are 
used. 

0103) An embodiment of the system described herein is 
generally useful for controlling an electric network, where the 
electric network includes a plurality of slow dynamics elec 
tromechanical devices, such as traditional or legacy load tap 
changing transformers, step Voltage regulators, and Switched 
capacitor banks, and a plurality of fast dynamics DER devices 
Such as Synchronous generators, photovoltaic generators, bat 
tery energy storage devices, static synchronous compensators 
(STATCOM), flexible AC transmission system (FACTS) 
devices, and static VAR compensators (SVC), all coupled to 
the electric network. 
0104. The slow and fast dynamics devices are necessarily 
controlled using separate, but also interdependent control 
schemes. For example, the slow dynamics devices tend to be 
legacy devices that can have a relatively large impact on 
system Voltage and efficiency and that are traditionally con 
trolled to setpoints adjusted over longer periods of time. The 
fast dynamics devices tend to be newer DER and renewables 
based devices that typically have a relatively smaller, but 
more variable impact on system Voltage and efficiency and as 
described herein, controlled to setpoints determined locally 
and adjusted over shorter periods of time. 
0105. The system includes an Integrated Volt-VAr Control 
(IVVC) component configured to determine one or more 
optimization parameters for the plurality of slow dynamics 
electromechanical devices and the plurality of fast dynamics 
DER devices. 
0106 The slow dynamics devices are controlled remotely 
from a central controller using a present state of the electric 
network and at least one of a Voltage rise table that is adap 
tively updated in real-time using a command output and a 
power flow-based complete optimization routine that gener 
ates optimal setpoints for the traditional controllable assets 
and for at least some of the fast dynamics DER devices. 
0107 The fast dynamics devices are controlled locally 
between the remote control update by a local setpoint con 
troller using one of four local control methods, 1). a control 
algorithm using a Distributed Energy Resource (DER) reac 
tive power contribution based on IVVC settings, 2). a control 
algorithm using a DER reactive power contribution based on 
DER active power variations, 3). a control algorithm using a 
DER reactive power contribution based on power factor, and 
4). a control algorithm using a DER reactive power contribu 
tion based on a voltage of the local electric network. 
0.108 Based on the foregoing specification, the above 
discussed embodiments of the disclosure may be imple 
mented using computer programming or engineering tech 
niques including computer Software, firmware, hardware or 
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any combination or Subset thereof. Any such resulting pro 
gram, having computer-readable and/or computer-executable 
instructions, may be embodied or provided within one or 
more computer-readable media, thereby making a computer 
program product, i.e., an article of manufacture, according to 
the discussed embodiments of the disclosure. The computer 
readable media may be, for instance, a fixed (hard) drive, 
diskette, optical disk, magnetic tape, semiconductor memory 
such as read-only memory (ROM) or flash memory, etc., or 
any transmitting/receiving medium such as the Internet or 
other communication network or link. The article of manu 
facture containing the computer code may be made and/or 
used by executing the instructions directly from one medium, 
by copying the code from one medium to another medium, or 
by transmitting the code over a network. 
0109. As used herein, the terms “software' and “firm 
ware are interchangeable, and include any computer pro 
gram stored in memory for execution by processor 104. 
including RAM memory, ROM memory, EPROM memory, 
EEPROM memory, and non-volatile RAM (NVRAM) 
memory. The above memory types are examples only, and are 
thus not limiting as to the types of memory usable for storage 
of a computer program. 
0110. Example embodiments of the methods and systems 
described herein relate to electric power generation and deliv 
ery systems and, more particularly, to systems and methods 
for using distributed energy resources (DER) in an electric 
network. The methods and systems described herein may be 
implemented using computer programming or engineering 
techniques including computer Software, firmware, hardware 
or any combination or Subset thereof, wherein a technical 
effect may include at least one of: a). modeling an electric 
network to determine an expected Voltage response to a first 
electric network State, the state relating to a first configuration 
of components of the electric network, b). determining a 
second state of the electric network, the second State occur 
ring a predetermined time after the first state, c). receiving 
historical state data of the electric network, the historical state 
occurring prior to the occurrence of the first state, d). deter 
mining a second configuration of the components of the elec 
tric network based on the model, second network State, and 
historical network State data, and e). transmitting commands 
to the components to achieve the second configuration. 
0111 Any such resulting program, having computer-read 
able code means, may be embodied or provided within one or 
more computer-readable media, thereby making a computer 
program product, i.e., an article of manufacture, according to 
the discussed embodiments of the disclosure. The computer 
readable media may be, for example, but is not limited to, a 
fixed (hard) drive, diskette, optical disk, magnetic tape, semi 
conductor memory Such as read-only memory (ROM), and/or 
any transmitting/receiving medium such as the Internet or 
other communication network or link. The article of manu 
facture containing the computer code may be made and/or 
used by executing the code directly from one medium, by 
copying the code from one medium to another medium, or by 
transmitting the code over a network. 
0112 Many of the functional units described in this speci 
fication have been labeled as modules, in order to more par 
ticularly emphasize their implementation independence. For 
example, a module may be implemented as a hardware circuit 
comprising custom very large scale integration (“VLSI) cir 
cuits or gate arrays, off-the-shelf semiconductors such as 
logic chips, transistors, or other discrete components. A mod 
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ule may also be implemented in programmable hardware 
devices such as field programmable gate arrays (FPGAs), 
programmable array logic, programmable logic devices 
(PLDs) or the like. 
0113 Modules may also be implemented in software for 
execution by various types of processors. An identified mod 
ule of executable code may, for instance, comprise one or 
more physical or logical blocks of computer instructions, 
which may, for instance, be organized as an object, procedure, 
or function. Nevertheless, the executables of an identified 
module need not be physically located together, but may 
comprise disparate instructions stored in different locations 
which, when joined logically together, comprise the module 
and achieve the stated purpose for the module. 
0114 Indeed, a module of executable code may be a single 
instruction, or many instructions, and may even be distributed 
over several different code segments, among different pro 
grams, and across several memory devices. Similarly, opera 
tional data may be identified and illustrated herein within 
modules, and may be embodied in any suitable form and 
organized within any Suitable type of data structure. The 
operational data may be collected as a single data set, or may 
be distributed over different locations including over different 
storage devices, and may exist, at least partially, merely as 
electronic signals on a system or network. 
0115 The above-described embodiments of a method and 
system for controlling Voltage on an electrical distribution 
system provides a cost-effective and reliable means determin 
ing an integrated DER-IVVC distribution configuration that 
uses the reactive capabilities of DER for IVVC. More spe 
cifically, the method and system described herein facilitate 
determining relatively short period voltage setpoints for DER 
while maintaining the relatively longer time period setpoint 
control of legacy or slow dynamics components. As a result, 
the methods and systems described herein facilitate manag 
ing electrical distribution networks in a cost-effective and 
reliable manner. 
0116. This written description uses examples to describe 
embodiments of the disclosure, including the best mode, and 
also to enable any person skilled in the art to practice the 
disclosure, including making and using any devices or sys 
tems and performing any incorporated methods. The patent 
able scope of the disclosure is defined by the claims, and may 
include other examples that occur to those skilled in the art. 
Such other examples are intended to be within the scope of the 
claims if they have structural elements that do not differ from 
the literal language of the claims, or if they include equivalent 
structural elements with insubstantial differences from the 
literal languages of the claims. 

1. A system for use in controlling an electric network 
comprising a plurality of slow dynamics electromechanical 
devices and a plurality of fast dynamics Distributed Energy 
Resource (DER) devices configured for relatively fast and 
continuous dynamic variation of a reactive power output, said 
system comprising an Integrated Volt-VAr Control (IVVC) 
component configured to determine one or more optimization 
parameters for the plurality of slow dynamics electrome 
chanical devices and the plurality of fast dynamics DER 
devices, the slow dynamics devices are configured to be con 
trolled by a present state of the electric network and at least 
one of a Voltage rise table that is adaptively updated in real 
time using at least one of a command output and a power 
flow-based complete optimization routine for generating 
optimal setpoints for the slow dynamics devices and for at 
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least some of the fast dynamics DER devices, the fast dynam 
ics devices are configured to be controlled locally between the 
remote control update using at least one of a control algorithm 
using a DER reactive power contribution based on IVVC 
settings, a control algorithm using a DER reactive power 
contribution based on variable generation DER active power 
variations, a control algorithm using a DER reactive power 
contribution based on power factor, and a control algorithm 
using a DER reactive power contribution based on a Voltage 
of the local electric network. 

2. The system of claim 1, wherein the slow dynamics 
electromechanical devices include at least one of a load tap 
changing transformer or autotransformer, a step-voltage 
regulator, and a Switched capacitor bank. 

3. The system of claim 1, wherein fast dynamics DER 
devices include at least one of a photovoltaic generator, a 
synchronous generator, a battery energy storage, a static Syn 
chronous compensator (STATCOM), a flexible AC transmis 
sion system (FACTS) device, and a static VAR compensator 
(SVC). 

4. The system of claim 1, wherein the reactive power output 
of the fast acting dynamic DERs is discretized in to linear 
steps to include in the lookup table based approach or the 
power flow based optimization routine. 

5. The system of claim 1, wherein the local control algo 
rithm using a DER reactive power contribution based on 
IVVC settings determines a reactive power setting based 
directly on the variable generation DER setting provided by 
IVVC optimization for a next time period of a plurality of 
time periods. 

6. The system of claim 1, wherein the control algorithm 
using a DER reactive power contribution based on variable 
generation DERactive power variations determines a reactive 
power setting based on error in a real power estimate to be 
generated by the DER for a next time period of a plurality of 
time periods. 

7. The system of claim 1, wherein the control algorithm 
using a DER reactive power contribution based on power 
factor determines a reactive power setting based on a change 
in a power factor estimate for the DER for a next time period 
of a plurality of time periods. 

8. The system of claim 1, wherein the control algorithm 
using a DER reactive power contribution based on a Voltage 
of the local electric network determines a reactive power 
setting based on an error in a voltage estimate for the DER for 
a next time period of a plurality of time periods. 

9. A method of controlling an electric network comprising: 
a). modeling the electric network to determine an expected 

Voltage response to a first electric network State, the state 
relating to a first configuration of components of the 
electric network; 

b). determining a second state of the electric network, the 
second state occurring a predetermined time after the 
first state; 

c). receiving historical state data of the electric network, 
the historical state occurring prior to the occurrence of 
the first state; 

d). determining a second configuration of the components 
of the electric network based on the model, second net 
work State, and historical network State data; 

e). transmitting commands to the components to achieve 
the second configuration; and 

f). re-perform stepsa)-e) after a predetermined time period. 
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10. The method of claim 9, wherein the components of the 
electric network include relatively fast responding compo 
nents and relatively slow responding components. 

11. The method of claim 10, wherein the relatively slow 
responding components include at least one of a load tap 
changer (LTC), a step Voltage regulator, and a Switched 
capacitor bank. 

12. The method of claim 10, wherein the relatively fast 
responding components include at least one of a distributed 
energy resource, a distribution network flexible AC transmis 
sion system (DFACTS), an energy storage device, and a series 
compensator. 

13. The method of claim 9, wherein transmitting com 
mands to the components to achieve the second configuration 
comprises transmitting commands to relatively slow respond 
ing components at relatively long intervals. 

14. The method of claim 9, wherein transmitting com 
mands to the components to achieve the second configuration 
comprises transmitting commands to relatively fast respond 
ing components in approximately one hour intervals or less. 

15. The method of claim 9, wherein transmitting com 
mands to the components to achieve the second configuration 
comprises transmitting baseline commands to relatively fast 
responding components in real-time based on the local con 
trol. 

16. The method of claim 9, wherein the components of the 
electric network include relatively fast responding compo 
nents and relatively slow responding components and 
wherein the relatively slow responding components set a 
voltage level on a relatively large portion of the electric net 
work and wherein each of the relatively fast responding com 
ponents set a Voltage level on a relatively small portion of the 
electric network. 

17. An electric network control system comprising: 
a network model component comprising a model of elec 

trical components electrically coupled to form an elec 
trical transmission and distribution network; 

a measurement component configured to receive, from a 
plurality of sensors, data relating to measured param 
eters of the network and configured to determine a 
present state of the electric network; 

a historian component configured to receive the sensor data 
and store at least Some of the sensor data; 

an estimator component configured to determine an esti 
mate of a system load on the electric network and an 
estimate of generation of renewable sources coupled to 
the electric network using the at least some of the sensor 
data; 

an integrated Volt-VAr control (IVVC) component config 
ured to determine one or more optimization parameters 
for slow dynamics devices and fast dynamics devices 
coupled to the electric network, wherein the slow 
dynamics devices are configured to be operable at a 
single value of the one or more optimization parameters 
for a relatively longtime period compared to a relatively 
short time period that the fast dynamics devices are 
operable at a single value of the one or more optimiza 
tion parameters; and 

a dispatch command component configured to: 
receive the optimization parameters; 
determine at least one of an optimal commitment for 

capacitor bank devices, distributed energy resource 
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(DER) reactive power baseline values, and tap set 
tings for Voltage regulator and load tap changers 
(LTC), and 

issue a dispatch message to the devices connected to the 
electric network. 

18. The system of claim 17, wherein said IVVC component 
further comprises an adaptive closed loop Voltage rise table 
updater configured to: 

receive the issued dispatch messages and the present elec 
tric network State information; and 

generate a revised voltage rise table for the electric net 
work. 

19. The system of claim 17, wherein said IVVC component 
further comprises an adaptive logic component configured to: 

receive the issued dispatch messages and the present elec 
tric network State information; and 

generate a revised voltage rise lookup table for the electric 
network. 
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20. The system of claim 17, wherein said voltage rise table 
updater is configured to receive present electric network State 
information from a Supervisory Control and Data Acquisition 
(SCADA) system communicatively coupled to the electric 
network. 

21. The system of claim 17, wherein said IVVC component 
further comprises a local fast dynamics device controller, said 
fast dynamics device controller comprising at least one of a 
control algorithm using a DER Reactive power contribution 
based on IWC settings, a control algorithm using a DER 
Reactive power contribution based on PV plant Active Power 
variations, a control algorithm using a DER Reactive power 
contribution based on power factor, and a control algorithm 
using a DER Reactive power contribution based on local 
electric network Voltage. 

22. The system of claim 21, wherein at least one of said 
algorithms receives a current setting of the variable genera 
tion DER for reactive power contribution. 
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